Individuals with substance use disorders (SUD) are heterogeneous, making comprehensive assessment an essential part of treatment planning. Since a variety of pharmacological and psychosocial treatments are available, patient needs and characteristics, as well as substance-specific treatment options must be taken into account. In particular, clinicians should consider patient gender, as well as hormonal and other biological factors, when making treatment recommendations. Women are at greater risk for a variety of medical and psychosocial consequences, and may benefit from pharmacological and/or behavioral therapies that differ from those most beneficial for men. Pregnancy and gender identity also warrant special consideration. It is imperative that clinicians keep informed about new research findings that can guide tailoring of evidence-based treatments for men and women with SUD. Looking ahead, the field of pharmacogenomics offers additional promise for identifying the most effective pharmacotherapies for specific patients with SUD.
Introduction
Substance abuse is a major public health problem that costs the USA more than $700 billion annually. In a national survey of persons ≥12 years of age, 24.6 million Americans (9.4 %) reported recent (past month) illicit drug use and 16.5 million (6.3 %) reported recent heavy drinking [1] . Gender differences exist in the development, course, and treatment of substance use disorders (SUD). While men are 1.9-2.2 times more likely to have SUD [2] , women are more vulnerable to negative medical and psychosocial consequences of alcohol and other drugs [3, 4] . This paper describes recent studies of gender differences from the addiction field and their implications for the treatment of SUDs. Topics include the following: telescoping, stress and craving, hormones, and psychiatric comorbidity, as well as outcomes from recent studies of behavioral and pharmacological therapies for SUDs. Two special populations, pregnant women and transgender individuals, are discussed. Finally, interesting findings from the burgeoning field of pharmacogenomics are highlighted.
Telescoping
It was traditionally established that women progress from substance use to regular use to first treatment more rapidly than men for many substances including alcohol, cannabis, and opioids [5, 6] . However, recent reports on this phenomenon, known as telescoping, have been mixed [7] . Lewis and Nixon [8] , for example, found no evidence of telescoping in the advancement from early alcohol use to alcohol dependence, but further progression to treatment remained more rapid with time to first treatment on average 4 years shorter for women than men. For opioids, one study found women continued to progress more rapidly than men from use to dependence [9] . Also, African-Americans progressed more quickly to opioid dependence than Caucasians. In contrast, Stoltman and colleagues [10] , in a study of non-treatment-seeking heroin users, found that while females reported later age of onset of heroin use than males, there was no evidence of gender telescoping. Factors that may account for such varied results include narrowing of the gap between men and women in rates of alcohol and other substance use and dependence, as well as increased attention paid to more heterogeneous, often general population-based samples.
Craving, stress, and hormones
Research has shown that both stress and drug cue exposure increase drug craving and contribute to relapse for such drugs as cocaine, alcohol, and nicotine. Findings vary by gender, however, and may help inform future development of gender-specific treatment for SUD [11] . In animal studies, female rats exhibit longer HPA-axis activation and greater norepinephrine response to stress than male rats [12] . In laboratory studies, substance-abusing women show higher levels of anxiety, stress, and negative affect in response to stress and drug cues than substance abusing men (e.g., 13).
In alcohol dependent individuals, stress and cue reactivity combined have a negative effect on treatment outcomes [14] . Hartwell and Ray [15] found sexmoderated stress reactivity, with greater sensitivity to effects of stress-induced craving for alcohol and anxiety in female as compared to male heavy drinkers. For tobacco, Saladin et al. [16] found nicotine-dependent females responded to a stress/negative affect stimulus with more craving, stress and arousal as well as greater negative emotion than nicotine-dependent males. Wray and colleagues [17] reported similar findings in a study conducted in the natural environment.
Ovarian hormones may contribute to sexual differentiation in addiction, mediating response to substance use [18] . Recent studies of the relationship between hormones and cocaine found that estrogen plays an important role in the transition from recreational drug use to cocaine dependence [19] . Specifically, using real-time exposures to drug cues and drug use, Kennedy and colleagues [20] found that women were more sensitive than men to such exposures. Further, Perry, and colleagues [21] found estradiol affected cocaine self-administration only in females, suggesting pubertal estradiol may be a necessary, but not sufficient, factor in later development of sensitivity to this hormone.
This research suggests hormonal factors may inform development of strategies to reduce the abuse liability of cocaine. Broderick and Malave [22] , for example, found caffeine blocked cocaine-promoted changes in the estrus cycle, suggesting adenosine antagonizers have neuroprotective properties. Also, Fox and colleagues [23] showed progesterone's cravingreducing effects were moderated by both gender and type of environmental cue exposure; cocaine-dependent females who were administered progesterone experienced a diminished negative emotion response to stress compared to controls. These data indicate endocrinology contributes to a person's risk for developing SUD. Recent findings underscore our need to focus on female populations, particularly those experiencing fluctuations and shifts in hormone levels such as puberty, pregnancy, and during menopause.
Neuroimaging studies have added to our understanding of sex differences in brain response to cue reactivity in cocaine and other drug users. In a recent review, Andersen and colleagues [24] found cocaine-using women had greater cerebral blood flow in the amygdala, insula, and orbitofrontal cortex than cocaine-using men. Brain activation in response to stressful imagery was also greater in the posterior cingulate, insula, and inferior frontal cortex of females as compared to males.
Potenza and colleagues [25• ] examined neural correlates of stress and drug cue reactivity in a sample of cocaine-dependent men and women and a group of social drinking controls using functional MRI. They found a three-way interaction of gender, substance use disorder, and stimulus type (stress or drug cue). First, while both cocaine-dependent males and females showed activation in the amygdala, striatum, and insula, activation was in response to stress cues for women and drug cues for men. Second, males and females reported positive correlations between brain activation and subjective craving. For women, however, this was seen in the midbrain, hippocampus, ventrolateral prefrontal cortex, and thalamus. In contrast, for men, it was seen in the hippocampus, insula, and the dorsolateral, dorsomedial, temporal, and parietal cortices.
With no current FDA-approved pharmacological treatment for cocaine, attention has turned to guanfacine HCl, an alpha2 adrenergic agonist that blocks stress-induced reinstatement of cocaine self-administration in rats [26] . In cocaine-dependent men and women, Fox and colleagues [27] found guanfacine produced gender-specific effects, with stress dampening, as well as reductions in cocaine and alcohol craving, anxiety, and negative emotion, only in women. Both genders, however, showed reduced stress and cue-induced craving for nicotine and decreased systolic blood pressure [27] .
Taken together, these gender differences have important treatment implications. Cocaine-dependent women may benefit more from stress-reduction therapies that specifically target craving, while cocaine-dependent men might profit more from CBT or 12-step recovery programs. Moreover, smoking cessation efforts for women should include development of coping skills in response to stress cues.
Treatment engagement, retention, and outcomes
In 1993, NIH mandated that both men and women be included in clinical trials and gender be included in outcome analyses [28] . At present, more than half of clinical-research participants in NIH-supported studies are women. Increased knowledge about the role of sex and gender in medicine has prompted the NIH to spearhead similar policies in preclinical studies, requiring a balance of male and female cells and animals [29] . In the field of addiction, the literature is filled with studies of gender differences in substance abuse treatment. Contradictory findings, however, have generated skepticism and debate. Inconsistent results are often attributed to methodological issues (e.g., small sample sizes) as well as differences in patient (psychiatric comorbidities, specific substance(s) of abuse) and treatment (methadone maintenance, residential) characteristics [30] .
A recent review of SUD treatment entry, retention, and outcome data for women shed new light on this issue [31] . While women were less likely to enter treatment than men, gender did not generally predict treatment retention and related outcomes. In addition, many studies limited analyses to gender as a dichotomous predictor of treatment outcome. An alternative is to examine gender as a stratification variable, so that other risk factors can be studied. An analysis of gender-related translational studies from the NIDA Clinical Trials Network (CTN) found comorbid psychiatric disorders and trauma histories in women often complicated drug abuse treatment outcomes and added to psychosocial risk [32] .
While social and economic factors continue to fuel debate about the need for gender-specific SUD treatment for women, researchers continue to find gender-specific drug treatment services generally yield better outcomes [33] . Greenfield et al. [34] found greater endorsement of positive aspects of therapy (e.g., felt safety and honesty) in women-only as compared to mixed-gender group therapy. Women-only therapy participants also reported enhanced support and greater focus on gender relevant topics than mixed-gender group women. Similarly, Evans et al. [35] found women-only group therapy was associated with longer enduring benefits to drug-dependent mothers than mixed-gender therapy, and Kissin et al. [36] reported women in gendersensitive treatment programs had better legal outcomes (i.e., fewer arrests) than those in traditional programs.
In an examination of national SUD treatment availability from 2002 to 2010, Longinaker and colleagues [33] reported a decline in specific programs for women (38 % in 2002 to 32 % in 2010, pG.001). Geographic disparities were found for many components of women-centered care, and treatment service availability was unrelated to treatment need.
Psychiatric comorbidity
Men and women with SUDs present for treatment with different medical, psychiatric, and psychosocial co-morbidities, which in turn can impact treatment outcomes [37] . Previous research found women with SUD have higher rates of mental disorders including depression, anxiety, eating disorders, and trauma than their male counterparts [38] . A recent review found comorbid depression had more detrimental impact on SUD treatment outcomes for women as compared to men [39] .
A multi-site clinical trial of the Job Seekers' Workshop (JSW) found women in outpatient SUD treatment reported higher rates of physical and sexual abuse as well as suicidality than men [40] . Severity of mental health symptoms, however, did not differ by gender, and lifetime trauma did not predict employment outcomes. Another recent study showed that trauma-informed treatment led to reductions in trauma symptom severity for both men and women [41] .
Using the National Survey on Drug Use and Health data (2005-2010), Chen and colleagues [42•] found unmet treatment needs were more likely to be reported by participants with comorbid SUD and major depressive episode (MDE), regardless of gender. However, males with SUD and MDE were more likely to be treated in the ER and use inpatient medical services than females with those conditions. In contrast to previous studies, men and women in this national community-based sample reported similar barriers to treatment and comparable levels of perceived social stigma and negative attitudes.
Pharmacotherapy and psychogenomics
The development and testing of new and more effective pharmacotherapies for the treatment of SUDs continues to be a national priority, as there is considerable variability in efficacy for current medications. Unfortunately, despite the NIH Office of Research on Women's Health expectation that researchers consider sex and gender in the development and testing of medications, gendersensitive treatment effects are often not reported. Investigators cite small sample sizes and insufficient power as justification [43] , contributing at times to lower treatment efficacy for women as compared to men [44] .
To overcome sample size limitations, researchers have begun to analyze aggregate data from multiple randomized clinical trials. DeVito and colleagues [45] , for example, compared treatment outcomes for cocainedependent males and females across five clinical trials of behavioral and pharmacological (disulfiram) treatments. While they found no gender differences in behavioral therapy outcomes, disulfiram was found to be less effective in women as compared to men.
Efforts to identify more effective pharmacotherapies for the treatment of SUDs may also be facilitated by advances in pharmacogenomics, the study of how genetic variation affects drug response, drug efficacy, and adverse drug effects. In psychiatry, pharmacogenomics is focused on genetic variation in metabolizing enzymes, transporters, and receptor targets with the goal of improving treatment outcomes.
Nicotine
Male smokers have consistently been found to respond better to nicotine replacement therapy (NRT) than female smokers [46] . Women may also respond less favorably to bupropion. Men report greater relief of craving from NRT than women, suggesting the importance of physiological dependence to their addiction [47] . Women report greater cessation fatigue than men [48] in pharmacotherapy trials. A recent review of gender differences in inability to quit smoking affirmed that while men tended to smoke for the reinforcing properties of nicotine, women smoked to regulate negative affect and stress [49] . Since most FDA-approved medications for smoking cessation target the nicotinic acetylcholine (nAChR) system, this makes them less optimal for women, affirming the need for gendersensitive treatments. Pharmacogenetic studies have focused on identification of genes that confer risk for development of nicotine dependence and may guide development of more effective treatments for smoking cessation. While many studies are limited by small sample size and homogeneous groups of participants, recent findings support continued work in this area. A metaanalysis by the Pharmacogenetics of Nicotine Addiction Treatment Consortium (PNAT), found effects of NRT for smoking cessation were moderated by genetic variants of CHRNA5 [50] . Similarly, Chen and colleagues [51] found the nicotine metabolizing gene (CYP2A6) moderated effect of NRT on smoking cessation, with relapse delayed in rapid but not slow metabolizers. Also, the impact of NRT on continuous abstinence was moderated by the combined genetic risks from CYP2A6 and CHRNA5. Recent studies looking at gender as a potential moderator of pharmacogenomic effects in smoking cessation have yielded mixed results [52] . While some research found genotype effects on treatment response in women but not men (e.g., 53, 54), others found no evidence of sex differences (e.g., 55, 56). Sex hormones and their impact on dopamine (DA) reward pathways must also be considered and add complexity. For example, a recent laboratory study of IV nicotine administration found female smokers tested in the luteal as compared to the follicular phase of their cycle reported less withdrawal, less post-session craving, and diminished subjective drug effects [57] .
Alcohol
The efficacy of naltrexone and other FDA-approved medications for treatment of AUDs has been modest, with substantive variability in outcomes. This prompted research on predictors of differential treatment response, including genetic factors. For naltrexone, which acts as a competitive opioid antagonist, much research has focused on the mu-opioid receptor gene (OPRM1). In a meta-analysis, Chamorro et al. [58] found the G allele of the A118G polymorphism of OPRM1 moderated the effect of naltrexone in alcohol-dependent individuals, with lower relapse rates than comparison groups. Sex differences in response to opioid receptor antagonists have also been found, though results vary. Women tend to experience more adverse subjective effects and have better treatment outcomes than men (e.g., 59 ). Also, naltrexone was found to reduce the stimulating effects of alcohol in women but not men [60] . In a laboratory study of naltrexone with non-dependent drinkers, Setiawan and colleagues [61] found gender and genotype differences, with naltrexone reducing positive subjective effects of alcohol in females and in those with the A118G polymorphism of OPRM1. These subjective effect differences, however, did not translate into lower rates of alcohol selfadministration. Findings, while preliminary, illustrate the importance of testing for gender effects in clinical trials of pharmacogenomics.
Pregnant women: special considerations
Prenatal substance use increases risk for adverse maternal, fetal, and infant outcomes and constitutes a major public health problem. Negative consequences do not end at birth, with longitudinal studies continuing to find that children and adolescents exposed to drugs in utero are more likely to experience a range of physical and neurodevelopmental problems [62] . While negative consequences of heavy drinking during pregnancy such as FAS and FASD are well-known [63] , a recent meta-analysis found that even moderate drinking during pregnancy was associated with such childhood problems as trouble following classroom directions, unwillingness to share and impatience while waiting for adult attention [64] .
Prenatal cigarette smoking is the most important preventable risk factor for adverse pregnancy outcomes, yet 13 % of pregnant women continue to smoke [65] . NRT is still rarely prescribed during pregnancy, due to concerns over fetal safety. One recent study found similar rates of major congenital anomalies for pregnant women prescribed NRT and those who continued to smoke (35 and 27 %, respectively) [66] . Findings must be interpreted with caution, however, as confounding factors such as intensity of smoking were not assessed.
Over the past 15 years, marijuana, methamphetamine, and prescription opioid use have increased dramatically among pregnant women [67•] . Marijuana is the most frequently used illicit drug prenatally, and it may be more prevalent than tobacco during pregnancy in some communities [68] . Although the effects of marijuana on neonatal outcome are inconclusive [69] , infant growth restriction and low birth weight have been associated with prenatal use, particularly in mid-to late pregnancy [70] . Recent studies on prenatal use of methamphetamines found high rates of medical and psychiatric comorbidity, including low birth weight, preterm delivery, intrauterine fetal death, and abruption [71] , and longitudinal studies report cognitive problems in children with in-utero exposure to methamphetamines [72] . Prescription opioid use among pregnant women has increased substantially over the past two decades [73] , with a parallel rise in neonatal opioid exposure and neonatal abstinence syndrome (NAS) [74] .
Methadone, an opioid agonist, has long been the gold standard in opioid substitution therapy for pregnant opioid-dependent women. Strong evidence for the effectiveness of methadone treatment in pregnancy includes high treatment retention, decreased illicit opioid use, and enhanced prenatal care utilization [75, 76] . Nevertheless, methadone is associated with increased incidence of NAS. More recently, buprenorphine, a partial opioid agonist, has emerged as an alternative to methadone, showing a reduction in the duration and severity of NAS [77] . A combination of buprenorphine plus the opioid antagonist naloxone has also been used to treat pregnant women, demonstrating no adverse outcomes [78, 79] , less severe NAS, and shorter hospital stays compared to methadone [80] . While more research is needed, methadone may be the treatment of choice for long-standing poly-substance abuse whereas buprenorphine may be the preferred treatment for prescription opioid abusers or those with shorter histories of dependence [81] .
At present, there is no FDA-approved medication for infants with NAS; oral morphine and methadone are often used and buprenorphine shows potential but is in need of further research [82] . NAS severity is not related to maternal opioid dose [77] , and infants with NAS often require care in the NICU and extended hospital stays [83] . One promising area is pharmacogenomics where recent studies demonstrated the importance of the OPRM1 gene in opioid addiction and NAS. Specifically, variants in the OPRM1 and COMT genes were associated with shorter hospital stays and less need for treatment among infants with NAS [84•] . In addition, hypermethylation within the OPRM1 promoter was associated with worse NAS outcomes [85] .
For pregnant women who are not opioid-dependent, empirically supported psychosocial and behavioral substance abuse treatment programs have been developed to address substance use, trauma and co-occurring disorders in both individual and group formats (see 86•• for comprehensive review). The American Society for Addiction Medicine recommends culturally sensitive treatment consisting of a family-centered approach, case management, childcare, transportation, interdisciplinary collaboration, mental health services, prenatal care and reproductive counseling [87] . Contingency management (i.e., financial or motivational incentive) approaches have shown the most promising results for improving treatment retention and access to prenatal services [88] as well as decreasing tobacco use [89] . For many women who use substances, pregnancy may be a window of opportunity to eliminate drugs, reduce risky behaviors, improve psychological functioning, and adopt an overall healthier lifestyle.
Eighteen states consider prenatal substance use to be child abuse under civil child-welfare statutes, and one state allows assault charges to be filed against a pregnant woman for using certain substances. However, treatment for substance use problems during pregnancy is more effective than legal measures and highly preferred over criminalization and incarceration to improve maternal health and long-term outcomes [87, 90] . Even though the intention of such legislation is to encourage pregnant women with SUD to make positive changes, limited treatment options make access to care problematic and hinder recovery efforts for many pregnant drug-dependent women.
Transgender individuals: special considerations
While this article is focused on gender differences between males and females in addiction, transgender individuals may not conform to traditional gender identity based on a binary system that attributes social characteristics to sexed anatomy. As such, it is important to consider the special treatment needs of individuals along this spectrum of gender nonconformity, male-to-female transgender women (transwomen) and female-to-male transgender men (transmen).
Transgender individuals encounter high rates of minority stressors including physical and sexual violence, discrimination, gender-related victimization, and stigma [91] . Research indicates that transgender people are often denied access to comprehensive medical care and experience harassment in medical settings because of their gender identity [92] . The minority stress model as applied to transgender populations suggests that these adverse experiences have serious effects on the mental health of transgender people, as evidenced by high rates of suicidal ideation, suicide attempts, and substance use [91, 93] .
Rates of alcohol and other substance use are disproportionately higher among transgender persons relative to cisgender counterparts [94] . Transgender female youth (age [16] [17] [18] [19] [20] [21] [22] [23] [24] are at high risk for polysubstance abuse and HIV infection with comorbid concerns such as PTSD, gender-related discrimination, psychological distress, and parental drug and alcohol problems [95] . Transwomen, in particular, face victimization, homeless, and risk for HIV infection [96] . Transwomen often report substance use within the context of anal intercourse, with a strong association between methamphetamine and HIV infection [94] . This suggests that treatment providers should attend to the relationship between sexual activity and methamphetamine use among transwomen [97] . Medical complications (e.g., HIV, hepatitis B and C) and potential side effects of combining hormone therapy with illicit substances, particularly alcohol, should also be assessed [98] .
Transgender competence in mainstream settings includes the following: (1) assessment of constructions of gender during the intake process; (2) respect for how patients would like to be addressed with regard to gender (e.g., pronouns and name); (3) an evaluation of gender identity experiences (e.g., conflict, abuse) and impact on mental health and substance use (see 99); and (4) gender sensitivity training [98] . Psychiatrists should consider that those undergoing a gender transition may be reluctant to disclose symptoms of mental illness or substance use, due to concerns about jeopardizing hormone therapy or surgery [100••]. Providers should not require patients to have resolved their gender identity concerns but rather assist them in forming a treatment plan which integrates substance use problems and gender identity issues (see [100••] for a comprehensive protocol to address transgender mental health).
Conclusion
Gender differences are found in the development, course, and treatment of SUD, with women often at greater risk than men. Additionally, certain populations appear to be particularly vulnerable to substance use disorders and subsequent consequences, including pregnant women and transgender individuals. Recent findings affirm that gender is an important variable and that men and women may benefit from different behavioral and/or pharmacological treatments for SUD. Looking ahead, pharmacogenomics may provide additional opportunities to identify medications most likely to be effective for a particular patient.
